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ABSTRACT 

Soccer is considered a high intensity sport that requires a high level of both aerobic and 

anaerobic fitness. A whole body high-intensity interval training adaptation has been shown to 

benefit both of these systems over a short period of time. The purpose of this study was to 

examine the effects of a five week whole-body high intensity interval training program on 

female collegiate soccer players performance in speed, acceleration, agility, vertical jump, 

aerobic capacity, physical self perception, and physical enjoyment. Participants were from 

the SUNY Cortland women’s soccer team who participated in a five- week training protocol 

three days a week of either four minute, whole-body high intensity interval training (HIIT) or 

repeated sprint training added to a resistance training program. The participants went through  

pre- and post-testing of speed, acceleration, agility, vertical jump, aerobic capactity 

(measured through the beep test), and a physical self perception questionnaire. Their physical 

activity enjoyment was taken over the five-weeks using the PACES questionnaire. A mixed 

methods ANOVA was run on all physiological performance and psychological data with 

significance set a p < 0.05. The results of the study indicated no significant interactions 

between the HIIT group and repeated sprint group on all measures. There were significant 

improvements pre- to post-testing within the overall sample in acceleration, vertical jump, 

agility, and aerobic capacity. It was also found that there was a significantly more enjoyment 

in the first week of training in the repeated sprint group than in the HIIT group. However the 

repeated sprint group’s enjoyment decreased over the next three weeks while the HIIT 

group’s enjoyment increased. These results show that an addition of four minutes of whole 

body HIIT to a resistance training program can help to increase soccer specific performance 

as well as physical enjoyment in female soccer players while cutting down on the time it 

takes to perform this training. 
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Chapter 1 

Introduction 

 Soccer is a physically demanding sport that involves high-intensity intermittent 

bouts of running (Turner & Stewart, 2014). The aerobic and anaerobic energy systems 

are both recruited in a full soccer match due to the necessity to not only run for extended 

periods of time (aerobic system) but also be able to accelerate, change direction, and 

jump explosively. In an elite women’s soccer game, a player can run up to 10 km with 

approximately 2 km involving high-intensity running (McCormack et al., 2014; Mohr, 

Krustrup, Andersson, Kirkendal, & Bangsbo, 2008). High-intensity running includes 

short bursts of speed covering distances from 1.5-meters to the length of a soccer field. 

The majority of these sprints covers less than 30m and occurs on average every 90 

seconds. A change of direction also occurs on average, every 2-4 seconds with 1,200-

1,400 changes of direction every game (Bangsbo, 1994). A soccer game can be strenuous 

on both the aerobic and anaerobic energy systems and the ability adequately and 

efficiently to train these systems to adapt to the full physiological demands for soccer is a 

challenging task. 

 High-intensity interval training (HIIT) is a relatively new training technique 

utilized by soccer coaches to help train the aerobic energy system. However, it has been 

shown that the effects of repeated sprint interval training, a form of HIIT, only affects the 

aerobic system which is evidenced through an increase in VO2max, beep test performance, 

and repeated sprint performance (Taylor, Macpherson, Spears, & Weston, 2015; 

Tønnessen, Shalfawi, Haugen, & Enoksen, 2011; Wells, Edwards, Fysh, & Drust, 2013).  
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These repeated sprint intervals are also very time taxing when added to a practice and 

usually need at least 20-30 minutes of time in order to elicit the appropriate results 

needed for the aerobic energy system to adapt. 

A whole body high-intensity interval training adaptation is both time efficient and 

beneficial to aerobic and anaerobic fitness. The Tabata protocol is a type of HIIT that 

only takes eight minutes, consisting of eight bouts of 20 seconds of high intensity 

exercise and 10 seconds passive rest (Tabata et al., 1995). A high-intensity intermittent 

callisthenic exercise, i.e. a burpee, has been shown to improve muscle endurance as well 

as skeletal muscle oxidative capacity (Gist, Freese, & Cureton, 2014; McRae et al., 

2012).  Combining the effects of a callisthenic exercise with the Tabata protocol will not 

only decrease the amount of time spent on fitness, but also may have beneficial effects on 

aerobic and anaerobic fitness levels.  

The current study not only addressed the need for a training protocol to enhance 

the aerobic and anaerobic energy systems, but also researched an understudied 

population. Many HIIT studies have only been performed on the effects on male soccer 

players whose physiological adaptations are closely comparable but not identical to that 

of females. High-intensity interval training and its effects on female athletes is an 

understudied population and as quoted by Datson, Hulton, Andersson, Lewis, Weston, 

Drust, & Gregson (2014, p.1233), “Currently no information is available regarding high-

intensity training interventions for elite female players.” The current investigation has 

addressed this research void as well as addressed the issue of a training protocol that 

influences the aerobic and anaerobic energy systems to help soccer players reach peak 

performance during a game. 
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Statement of the Problem 

  The current study aimed to look at the understudied population of female 

collegiate soccer players as well as address the effects of a whole body high intensity 

interval training as a time efficient training method on speed, acceleration, vertical jump 

height, agility, and aerobic capacity. 

 

Purpose of the Study 

 The purpose of this study was to examine the effects of a five week, total body 

HIIT program on soccer specific skills and compare the results a traditional repeated 

sprint program in a sample of Division III female soccer players. Soccer-specific 

performance measures included assessments of speed, acceleration, agility, anaerobic 

power, and aerobic capacity. A secondary purpose was to see if a HIIT program was 

more enjoyable to female soccer players than a standard repeated sprint program. 

 

Hypotheses 

The following hypotheses were tested: 

1) There was a significant decrease in 20-meter sprint time in the HIIT and 

repeated-sprint training group.  

2) There was a greater decrease in pre-to-post 20-meter sprint time in the HIIT 

group than in the repeated sprint group. 

3) There was a significant decrease in 10-meter acceleration time in the HIIT and 

repeated-sprint training group. 

4) There was a greater decrease in pre-to-post 10-meter acceleration time in the 

HIIT group than in the repeated sprint group. 
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5) There was a significant decrease in agility time in the HIIT and repeated-

sprint training group.  

6) There was a greater decrease in pre-to-post agility time in the HIIT group than 

in the repeated sprint group 

7) There was a significant increase in vertical jump height in the HIIT and 

repeated-sprint training group.  

8) There was a greater increase in pre-to-post vertical jump height in the HIIT 

group than in the repeated sprint group. 

9)  There was a significant increase in the level of beep test achieved in the HIIT 

and repeated sprint training group. 

10) There was a greater increase in the level of beep test achieved in the repeated 

sprint-training group than in the HIIT group. 

11) The participants in the HIIT group had a higher rating of perceived enjoyment 

than those in the repeated sprint-training group. 

12) The participants of the HIIT group had a greater increase in physical self-

perception pre to post test than those in the repeated sprint-training group. 

Delimitations  

The current study was delimited to the following: 

1) Division III female soccer players from SUNY Cortland were the only 

participants included in the experimental group of the study.  

2) The study was conducted in the off-season. 

3) The HIIT and sprint interval training was limited to five weeks. 
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4) The combinations of tests have been chosen specifically to quantify soccer 

specific exercise performance. 

Limitations 

The following are limitations to the current study: 

1) The sample size per training group was limited to the roster size (n=18) of the 

off-season SUNY Cortland Women’s Soccer team. 

2) There was an attempt to control the dietary intake on the testing day. The 

participants were asked to eat the same meals prior to testing. Non-compliance 

to this request may have alter pre-to-post testing results. 

3) Participants were also asked not to consume caffeine or alcohol eight hours 

prior to pre- and post-testing. The control of this was limited as the 

participants may or may not have adhere to this and excess caffeine or alcohol 

consumption may have altered pre/post testing results 

4) Because the experimental group was in their off-season, they will be 

participating in a strength-training program concurrently with this study 

(Appendix A). This could limit the ability to address which training had the 

most effect on each performance measure. 

Assumptions  

The following assumptions were made 

1) It was assumed that all participants completed each of the soccer tests at 

maximal effort. 

2) It was assumed that each of the training sessions were performed to maximal 

capacity. 
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3) It was assumed that the experimental groups performed no other high intensity 

physical activity, except for the training protocol and weight training. 

4) It was assumed that the participants answered all questionnaires honestly. 

 

Definitions of Terms 

Acceleration Test: A test of a soccer player’s changes in velocity that allows a 

player to reach maximum velocity in a minimum amount of 

time over a 10-meter distance (Little & Williams, 2005). 

Aerobic Fitness: Oxygen required energy systems that are characterized by 

the ability to exercise at moderate to high intensities for 

prolonged periods of time.  (Hoffman, 2013) 

Agility Test: A test of a soccer player’s ability to change direction by 

starting and stopping as quickly as possible (Little & 

Williams, 2005) 

Anaerobic Fitness: A chemical reaction that generates energy rapidly and 

does not require oxygen (Katch et al., 2011) Seen in 

soccer as short periods of high intensity activity (i.e. short 

sprints) (Walker & Turner, 2009) 

Beep test: A high intensity, aerobic soccer specific test that involves 

intermittent bouts of sprinting and rest. The test increases in 

difficulty until participants drop out or complete the testing 

procedure (Sayers, Sayers, & Binkley, 2008) 
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Burpee:  A full body explosive exercise involving a squat, a 

pushup, and jump (Podstawski, Bernard, Tomasz, Michal, 

& Dariusz, 2013) 

High-Intensity  A method of exercise that involves short periods of  

Interval Training: vigorous exercise followed by a rest period (Astorino,  

   Allen, Roberson, Jurancich, 2012)  

Physical Activity  Questionnaire that assesses the perceived enjoyment of  

Enjoyment of a specific exercise regimen taken immediately after 

Questionnaire the physical activity (Kendzierski & DeCarlo, 1991) 

(PACES): (Appendix B) 

Physical Self A questionnaire that assesses physical self  

Perception efficacy and self-perceived physical competence  

Questionnaire (Ryckman, Robbins, Thornton, & Cantrell, 1982)  

(PSES): (Appendix C) 

Soccer Skills Tests: A combination of three speed component tests (agility, 

speed, and acceleration) that have been shown to be 

specific to the qualities of a high-level soccer player (Little 

& Williams, 2005).  

Speed Test: A test of a soccer player’s maximal velocity reached over a 

20-meter distance (Little & Williams, 2005). 

Sprint Interval             A method of training involving a certain distance of sprint 

Training  at maximum effort, followed by a longer rest period  

   (Dupont, Akakpo, & Berthoin, 2004)  
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Tabata Protocol: A HIIT protocol that involves 8 intervals of 20 seconds of 

vigorous exercise followed by 10 seconds of static 

recovery (Tabata et al., 1996) 

Vertical Jump Test: A static jumping test that is used to assess explosive 

strength of the lower extremity muscles (Ferrete, Requena, 

Suarez-Arrones, & De Villarreal, 2014). 

 

Significance of the Study 

 The current study looked at the soccer skill and fitness benefits of whole-body, 

high intensity interval training. Additionally, it contributes to the understanding of 

Division III, female soccer players and the effects of HIIT as a viable off-season training 

method. The present study facilitated the development of a version of HIIT training that 

addressed not only the time constraints of Division III women’s soccer practice but also a 

training protocol that benefits both the aerobic and anaerobic energy systems. 
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Chapter 2 

Review of Literature 

 Soccer is considered a high intensity sport that requires a high level of both 

aerobic and anaerobic fitness. The ability to achieve this fitness is challenging unless 

there is a multitude of training programs that take up not only practice time, but out of 

practice time. In collegiate athletics, student athletes devote five training sessions a week 

with one or two games following these sessions and a single day off. The ability to 

develop and maintain both aerobic and anaerobic fitness during these practice sessions 

without developing fatigue, loss of interest, or excess training sessions is challenging.  

It has been shown that aerobic fitness can be achieved utilizing repeated sprint 

measures (Helgerud, Engen, Wisløff, & Hoff, 2001), however this does not show 

improvement in anaerobic skills such as jumping, agility, and acceleration. The training 

of the different anaerobic skills has been shown to improve during strength training 

(Chelly et al., 2004; Ferrete et al., 2014), however the aerobic fitness aspect is lacking. 

The combination of aerobic and anaerobic abilities is imperative when performing in a 

soccer match. 

 Whole body high-intensity interval training is a beneficial training method that 

takes 4-30 minutes and can be incorporated into a practice session without the need of 

additional sessions. There is limited research on the effects of whole body high-intensity 

on female athletes. This study aims to research the aerobic and anaerobic benefits of 

whole body high-intensity interval training and evaluate these physiological, sport 

specific, and psychological benefits utilizing soccer specific testing skills. The 
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physiological measures include acceleration time, speed, agility, anaerobic power, 

aerobic capacity in the form of a beep test as well as psychological factors including 

physical self-perception and physical enjoyment. All of these measures are characteristic 

of a soccer athlete and can be directly influential in the physiological needs of a soccer 

match. 

  

Physiology of Soccer 

Aerobic energy system 

The physiology of a soccer player has many demands, which involve both aerobic 

fitness as well as skills, such as agility, speed, acceleration, and jumping, that utilize the 

anaerobic energy system. The aerobic capacity needed in a full 90-minutes soccer game 

can be measure by their VO2max achieved during a soccer game. There have been multiple 

studies that have shown the average VO2max of a female soccer player is between 38.6 to 

57.6 mL•-1•kg-1•min-1 (McCormack et al., 2014; Stølen, Chamari, Castagna, & Wisløff, 

2005). Another measure of aerobic fitness is heart rate. In a study done by Krustrup, 

Mohr, Ellingsgaard, and Bangsbo (2005), heart rate in a full soccer game reaches on 

average 168 beats per minute with a peak heart rate of 194 beats per minute. This results 

in the conclusion that the aerobic energy system is heavily utilized during a soccer game 

regardless of physical capability. 

 An elite female soccer player can cover as much as 10 km per game, which is 

interspersed with high-intensity running and repeated sprinting (Krustrup et al., 2005). 

The average distance covered is the greatest with midfielders (10.67 ± 1.34 km) with 

attackers (9.61 ± 0.36 km) and defenders (9.62 ± 1.20 km) covering around the same 
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distances (Gabbet & Mulvey, 2008). High-intensity running distances across positions are 

different as well. Attackers and midfield players ran more high-intensity bouts (1.65 ± 

0.11 km and 1.63 ± 0.10 km respectively) than the defenders (1.26 ± 0.11 km) (Mohr et 

al., 2008).  An average player can run 1.5 km of high-intensity running which occurred 

around 125 times during a 90-minute soccer game (McCormack et al., 2014; Mohr et al., 

2008).  During a soccer game there are also bouts of standing, walking, and running, 

which occur 16%, 44%, and 34% of the time (Krustrup et al., 2005). The change from 

full speed sprinting to jogging, to walking is a common occurrence in soccer and 

highlights the ability to recover from a full sprint in a short amount of time.  

Anaerobic energy system 

A soccer game includes sprints, change of direction or agility, and jumping which 

all characterizes anaerobic fitness or power. A female soccer player complete sprints that 

are between 1.5 meters and the length of the soccer field. The average duration of these 

sprints is 6 seconds and occurs every 90 seconds of a game, with 96% of the sprints being 

less than 30 meters (Stølen et al., 2005). Female players can reach an average speed of 22 

to 26 km/h over distances of 15 to 20 meters (Viscoid, 2012).  

Change of direction in soccer players happens every 2 to 4 seconds with 1,200 to 

1,400 changes every game (Turner & Stewart, 2014). These changes of direction are 

shown when players try and get past defenders, need to move into open space, or are 

making a deceiving run past a player to receive a ball, to name a few. On the field 

position has shown a difference in agility performance. Midfielders have a quicker 

change of direction than attackers and defenders, with goalkeepers being the slowest of 

all positions (Goral, 2015).  
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Sprinting, agility, and jumping are all affected during the extent of a game and 

Andersson et al. (2008) has shown that there were marked decrements in sprinting 

performance and jumping ability following a soccer match. Fatigue is mainly developed 

during the second half or towards the end of the game when there are impairments in 

high-intensity running performance and repeated sprint performance (Krustrup, Zebis, 

Jensen, & Mohr, 2010). The fatigue levels can be improved through physical fitness and 

specific training methods in order to mimic the aerobic and anaerobic capacity needed to 

complete a full 90-minute soccer game.  

 

Soccer Skill Training 

Sprint training 

There are many different modes of training that have been shown to elicit either 

aerobic or anaerobic improvements. One mode that is used very often in soccer training is 

repeated sprint training. A meta-analysis on the effects of repeated sprint training 

concluded that there was a high beneficial effect on repeated sprinting ability, high-

intensity interval running performance, and a moderate effect on 30-meter run time 

(Taylor et al., 2015). These findings were mirrored in a study of male soccer players who 

participated in 40-meter repeated sprint training which resulted in an improvement of 

their repeated sprinting ability as well as 20-meter sprinting speed (Tønnessen et al., 

2011).  

 Interval training has also been shown to increase aerobic endurance in soccer 

players. In Helgerud et al. (2001), male soccer players participated in an eight-week 

study, training twice per week. The interval training consisted of four times 4 minutes 
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running at 90-95% of maximal heart rate interspersed with 3 minutes of active jogging 

rest between sets. This interval training was found to improve VO2max, lactate threshold, 

and running economy. Wells, Edwards, Fysh, and Drust (2013) worked with male soccer 

players as well, with an experimental group performing timed interval running with a 3:1 

work to rest ratio. The results of the experimental group were an improved aerobic 

fitness, as well as maximal running speed and time to exhaustion (Wells et al., 2013). 

Interval training is extremely beneficial when incorporated into soccer training and 

similar studies have shown the aerobic benefits as a result of this training.  

Another interval training program that has been found to be beneficial for soccer 

players is a high-intensity interval training, usually utilizing sprinting as the mode of 

exercise. Dupont and colleagues (2004) utilized male soccer players to participate in two 

consecutive ten-week training programs that emphasized the use of high-intensity interval 

training. The first was just a control program with the participants just went through 

normal soccer practice, the second was an addition to practice where the athletes 

performed 12-15, 40-meter sprints at 120% of their maximal aerobic speed with 15 

seconds rest between each sprint. The results of this training intervention showed an 

improvement in maximal aerobic speed as well as 40-meter sprint time (Dupont et al, 

2004). Another study researching the effects of high-intensity interval training on male 

soccer players in the off-season utilized a protocol of five 4-minute bouts of running 87-

97% of maximal heart rate with 3 minutes of rest between sets. This protocol was either 

performed one time every week, or one time every two weeks to assess the ability to 

maintain aerobic fitness in the off-season. The HIIT maintained VO2max in both groups 
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although the group that performed the protocol one time every two weeks decreased their 

beep test scores (Slettaløkken & Rønnestad, 2014).  

In two studies, female soccer players were studied to evaluate the effects of high-

intensity interval training on aerobic and anaerobic performance. The first study 

researched an experimental group that participated in plyometric, strength, and high-

intensity interval training while the control group only participated in basic aerobic 

conditioning. The experimental group showed improvements in a shuttle test and 20-

meter sprint speed however there was no improvement in the vertical jump or peak power 

(Siegler, Gaskill, & Ruby, 2003). The second study by Rowan, Kueffner, and Stavrianeas 

(2012), examined the effects of a high-intensity training protocol on aerobic conditioning 

of collegiate women’s soccer players. The endurance group completed a 40-minute run at 

80% of their VO2max twice a week while the sprint-training group performed five 

repetitions of 30 seconds maximum effort sprints with 4.5-minute jogging recovery. The 

results showed that both groups improved the yo-yo beep testing scores and estimated 

VO2max scores. These results demonstrate a similar aerobic fitness result for both 

endurance training and the high-intensity interval training groups. The training protocol 

for sprint training shows that it needs to be of high-intensity or paired with another 

training program in order to produce the fitness results needed for a high-intensity soccer 

game. 

Strength training 

 Strength training has been shown to improve anaerobic fitness of male soccer 

players and counter movement jump, agility, and kicking speed (García-Pinillos, 

Martinez-Amat, Hita-Contreras, Martinez-Lopez, & Latorre-Roman, 2014). When 
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strength training is compared to a high-intensity sprint-training program, several studies 

show that there is an improvement in repeated sprint ability and VO2max in only the sprint 

training groups while there is an improvement in counter movement jump in only the 

strength groups (Buchheit, Mendez-Villanueva, Delhomel, Brughelli, Ahmaidi, 2010; 

Sperlich et al., 2011). A combination of the two training programs has been shown to 

provide the best of both of these training modes (Ferrete et al, 2014; Kotzamanidis et al, 

2005; Wong et al, 2010).   

In a study on male soccer players by Kotzamanidis, Chatzopoulos, Michailidis, 

Papaiakovou, and Patikas (2005), a group that performed a combination of strength 

training and speed training was compared to a group that only performed strength 

training, both for a length of 13 weeks. It was shown that both of these groups improved 

a one-repetition max squat, however the combination group also improved their 30-meter 

dash time, squat jump, and counter movement jump. Similar results were seen in Wong, 

Chaouachi, Chamari, Dellal, and Wisløff (2010), whom also compared male soccer 

players who were split into a combination speed and strength group against a control. The 

results of this study showed that there were higher improvements in the combination 

group not only in sprint time and jump height, but also in the yo-yo beep test which looks 

at aerobic capacity similar to that in a soccer game. A third study on pre-pubertal male 

soccer players found again the combination of strength and high-intensity interval 

training improved counter movement jump, yo-yo beep test and flexibility (Ferrete et al., 

2014).  

Plyometric training 
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 Plyometric training is another common mode of training soccer athletes. This 

involves jumping, change of direction, speed, agility ladders, and small changes in body 

movement that can mimic what a soccer player does in a soccer game. This type of 

training on male soccer players produces an improvement on 20-meter sprint time, agility 

time, multiple bound distance, and standing long jump (Söhnlein, Müller, & Stöggl, 

2014). This training can also be used during a season when in conjunction with normal 

soccer training. The results of a study that utilized these criteria showed that male soccer 

players improved their peak power, squat jump, counter movement jump, and all sprint 

velocities (Chelly et al., 2010).  The combination of plyometric and sprint training in 

season stimulates similar results with an improvement in counter movement jump, 10-

meter sprint time, 10-meter agility time, and ball shooting speed (De Villarreal, Suarez-

Arrones, Requena, Haff, & Ferrete, 2015). 

 Few studies have addressed the effect of plyometric training on female soccer 

athletes. Ozbar, Ates, and Agopyan (2014) showed that an eight-week plyometric training 

program improved triple hop distance, countermovement jump, broad jump, peak power, 

and 20-meter sprint time. Polman, Walsh, Bloomfield, and Nesti (2004) studied the 

effects on physical conditioning of female soccer players when using speed, agility, and 

quickness equipment and when not. The findings showed significant increases within 

both of the group in sprint to fatigue levels, 25-meter sprint time, and vertical jump. 

These increases were not significantly different between the equipment and non-

equipment group, showing that there can be improvements in physical conditioning 

without the use of specific equipment (Polman et al, 2004).  Another study looked at the 

effects of plyometric training on muscle activation strategies and revealed significant 
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increases in preparatory adductor area, mean, and peak power. A significant increase in 

preparatory adductor-to-abductor muscle co-activation was found as well (Chimera, 

Swanik, Swanik, & Straub, 2004).  The plyometric training improves many of the 

anaerobic fitness needed during a soccer game but unless paired with a sprinting protocol, 

there is not much improvement in the aerobic fitness needed as well.  

 

 

High-intensity interval training (HIIT) 

 High-intensity interval training or HIIT can be defined as any type of exercise that 

involves a short burst of high intensity exercise followed by a period of rest (Astorino et 

al., 2012). High-intensity interval training can take different forms, each of which having 

a multiple physiological effects on the body. One of the more common high-intensity 

interval training protocols used is the Wingate testing, which includes 30 seconds of all 

out peddling on a cycle ergometer followed by a 4-minute rest period. This protocol has 

been shown to improve VO2max, O2 pulse, and Wingate-derived power output (Astorino et 

al., 2012).  

 Another common form of HIIT is the Tabata protocol that involves eight rounds 

of 10 seconds of high intensity work followed by 20 seconds of static rest. This protocol 

was reported by Tabata et al. (1996) using a cycle ergometer. Moderately active students 

were used to complete two different 6-week protocols, the first being five days a week of 

60 minutes of peddling on a cycle ergometer at 70% of their VO2max. The second protocol 

was high intensity Tabata protocol cycling on the cycle ergometer. The results showed 

that after the moderate endurance training, the anaerobic capacity did not change, 
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however the VO2max values increased significantly. The high-intensity interval training 

however elicited an increased anaerobic fitness level of 23% as well as an increased 

VO2max, which was measured by a Wingate VO2max test (Tabata et al., 1996). 

 A variation on high-intensity interval training is the utilization of ‘whole body’ 

exercises with the Tabata protocol. McRae et al. (2012) studied the effects of a whole 

body high-intensity interval training on moderately active female students.  The female 

students went through either endurance training or whole body Tabata training, four 

times a week for four weeks. The endurance group ran on a treadmill for 30 minutes for 

85% of their maximal heart rate. The Tabata training group performed one set of a whole 

body exercise (burpees, jumping jacks, or squat thrusts) utilizing the Tabata protocol of 

20 seconds high-intensity exercise with 10 seconds of rest for 8 rounds. The results 

showed that both the groups improved the VO2max. There was also a change in muscle 

endurance in the Tabata change group (McRae et al., 2012).  

The comparison of whole body high-intensity interval training was compared to a 

sprint cycling training to see if the physiological effects were similar. Two training 

groups performed either whole body HIIT, which included burpees, or sprint cycling 

training. Each occurred four times across nine days, with each group performing four 

rounds of 30 seconds high-intensity exercise and 4 minutes’ active recovery. The study 

found that whole body HIIT results in increases in anaerobic, aerobic, and skeletal 

muscle oxidative metabolism shown as increases in VO2peak, blood lactate levels, and 

HRpeak (Gist et al., 2014). The burpee can be classified by the American College of Sports 

Medicine as a vigorous exercise with peak VO2 value hitting between 64 to 95%, 
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maximal heart rate values between 77 and 95%, and perceived exertion range of 14 to 17 

(Gist et al., 2014). 

 

Psychological measures on high-intensity interval training 

 High-intensity interval training elicits high levels of perceived exertion due to the 

short bouts of ‘all out’ exercise and the small bouts of rest. In a study looking at not only 

the perceived exertion of high-intensity interval training but also the perceived 

enjoyment, recreationally active males were found to enjoy high-intensity sprint interval 

training more (Bartlett et al., 2010). These scores were found utilizing the Physical 

Activity Enjoyment Scale (PACES) that was validated by Kendzierski and DeCarlo 

(1991). These findings were also found in a study on overweight adolescents who found 

that aerobic interval training was more enjoyable then moderate intensity endurance 

running (Tjønna et al., 2009). High-intensity interval training has been shown to not only 

improve physiological measures but also be more enjoyable for athletes in which to 

participate. This whole body high-intensity interval training could have positive effects 

on the soccer specific performance measures that are used to evaluate soccer athletes as 

well as limit the amount of time needed to make these gains. 

 

Fitness and Skill Testing of Soccer Players 

 Aerobic and anaerobic testing can be utilized to evaluate the physical capabilities 

of soccer players. Many of the previous studies mentioned utilized speed, agility, vertical 

jump, and beep test measurements to assess the soccer specific abilities of soccer players. 
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The use of these tests can help to assess the physical capabilities, both aerobic and 

anaerobic, of all soccer players.  

 The most common aerobic test utilized is the beep test. This test evaluates an 

athlete’s ability to perform repeated high-intensity intermittent exercise over a long 

period of time (Sayers, Sayers, & Binkley, 2008). The beep test was compared to a 

treadmill VO2max test in order to show which test replicates the high-intensity intermittent 

running that occurs in a soccer game. (Sirotic & Coutts, 2007). It was shown that the 

beep test was strongly correlated to the high-intensity running that occurs during a match 

simulation, with the VO2max test having no significant correlation (Sirotic & Coutts, 

2007). 

 Anaerobic tests are also important soccer specific test that can be utilized to 

identify elite physical capabilities. Four of the major anaerobic tests are acceleration, 

agility, sprinting, and vertical jump. Acceleration testing involves the ability to reach 

high speeds in a distance of 10-meters or less. Speed testing shows the ability to maintain 

that speed over a distance of 20 to 30-meters. These two when paired together can 

replicate many of the sprints that occur during a soccer match (Sayers et al., 2008). 

Agility testing evaluates a player’s ability to incorporate balance, strength, and speed in 

order to change direction quickly (Sayers et al., 2008). Vertical jumping evaluates the 

maximum power of the lower body (Sayers et al., 2008). These four tests not only 

evaluate the anaerobic fitness of a soccer player, but also have been shown to be 

characteristics of elite players and should be evaluated separately from each other. 

Vescovi and McGuigan (2008) performed a study on high school and college 

lacrosse and soccer players to discover the relationship between sprinting, agility, and 
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jumping ability. Their findings showed that sprinting, agility, and jumping ability were 

all statistically correlated with each other but the coefficients of determination between 

the three tests were high, moderate, and low depending on the comparison taking place. 

These differences in coefficients of determination showed that all three skills should be 

included when assessing elite high school and college athletics (Vescovi and McGuigan, 

2008).  

 Little and Williams (2005) did a similar study addressing the specificity of 

acceleration, maximum speed, and agility in male soccer players. They found that all 

three tests; acceleration, maximum speed, and agility, were significantly correlated (p < 

0.0005). However, the coefficients of determination were all fairly low with values 

between the tests being 39% for acceleration and maximum speed, 12% for acceleration 

and agility, and 21% for maximum speed and agility. These low coefficients of 

determination show that acceleration, speed, and agility are three specific qualities of a 

soccer player and are relatively unrelated, showing the need to test the three separately. 

 

Summary 

 The current study aims to determine whether a whole body high-intensity interval 

training program will elicit improvements in soccer specific skills; agility, speed, 

acceleration, anaerobic power as well as aerobic fitness which will be testing utilizing the 

Beep test and estimated VO2max. It has been shown that repeated sprints can improve 

aerobic capacity but there have been little to no evidence as to the effect on anaerobic 

skill. Furthermore, the effect of a whole body high-intensity interval training program has 

been shown to improve both aerobic capacity and muscle endurance. Therefore, a study 



 
 

 

22 

on female athletes that address the gap in literature, expressed by Datson et al. (2014), of 

high-intensity interval trainings effects on soccer specific performance is needed. This 

study looks to fill gaps in the research by investigating the effects of whole body high-

intensity interval training on female soccer player’s performance in agility, speed, 

acceleration, anaerobic power, and aerobic capacity. 
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Chapter 3 

Methods 

 

Currently, studies have only been performed on the effects of HIIT on male 

soccer players whose physiological adaptations are closely comparable but not identical 

to that of females. High-intensity interval training and its effects on female athletes is an 

understudied population and as quoted by Datson et al. (2014, p.1233), “Currently no 

information is available regarding high-intensity training interventions for elite female 

players”. The purpose of this study was to examine the soccer specific benefits of a five-

week whole body HIIT program on a population of elite Division III collegiate women’s 

soccer players.  

This chapter outlines the methods for the current study. The following aspects are 

addressed: a) Participants, b) Study Design, c) Soccer Skill Testing, d) Experimental 

Protocol, and e) Data Analysis. 

 

Participants  

 Eighteen healthy SUNY Cortland women’s soccer student-athletes were recruited 

to participate in a five-week, 15-session training program were placed into two 

experimental training groups; repeated sprint training (RS) and whole body, high-

intensity interval training (HIIT). Prior to preliminary testing and training, informed 

consent (Appendix D) and a Physical Activity Readiness Questionnaire (PAR-Q) 

(Appendix E) was completed by each participant followed by a briefing of all testing 
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procedures and training protocol. All individuals who were not physically able to 

participate, or answer YES to one of the PAR-Q questions will be excluded from the 

study.  

 

Study Design 

 The proposed study lasted a duration of 7 weeks. The two groups were repeated 

sprint group (RS) and whole body high-intensity interval training group (HIIT). Each of 

the two groups participated in the pre and post testing. Pre testing of soccer skills and 

fitness were as follows: 

1. Speed and Acceleration – 10-meter and 20-meter maximal sprint 

2. Agility- Zig Zag Agility Test 

3. Vertec Vertical jump  

4. Aerobic capacity- Beep test 

Pre testing took place during the first week of the study, followed by a 5-week 

training program that began 24 hours following the last participants testing session. Post-

testing of soccer specific skills was performed 24 hours after the final training session 

date (Figure 1) 

 
 
 
 
 
 
 
 
 
 
 
 
Figure. 1. Training protocol timeline 
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 Prior to the beginning of training programs, all participants reported to SUNY 

Cortland Lusk Field House for preliminary testing of soccer specific skills. All 

participants completed a PAR-Q (Appendix E), an informed consent (Appendix D), and 

filled out a brief questionnaire concerning their soccer experience (Appendix F). A 

Physical Self Perception Questionnaire was filled out before the start of any testing 

(Appendix B).  The participants were then familiarized with the testing procedures by 

walking through and watching a research assistant demonstrate each of the testing 

procedures. The participants then completed multiple soccer specific performance tests to 

measure speed, agility, and acceleration using electronic timing gates. Vertical jump was 

measured using a Vertec. The final test was the beep test, which was used to test aerobic 

capacity. 

Soccer Skill Testing:  

 Before testing, participants warmed up with their preferred warm up for 10 

minutes. The individuals randomly chose numbered pinnies from a bag and were split 

into groups of eight individuals. These groups started at either the speed and acceleration 

station or the vertical jump station and then switched once all participants in their group 

were done. The groups performed the same order of testing for both the pre and post-test. 

Each of the speed/acceleration and agility tests were performed twice with a two-minute 

rest in between each test. The average time of each of the tests was recorded for both 

speed and acceleration. The beep test was performed only once at the end of all testing. 

There were three research assistants, two at each testing station, with a recording sheet to 

mark down each measurement (Appendix G). A description of each test is as follows: 
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 Speed and Acceleration Test: Laser gates were set up at 10-meters and 20-meters 

down the straight away of an indoor track (Figure 2). A pressure pad was placed at the 

beginning in order to start the timing mechanism. The participants began with a static 

start 1-meter behind the pressure pad. They stepped on the pressure pad, which began 

their time, then passed through the first gate 10-meters out that will record their 

acceleration time. The participants continued at maximum speed for 20-meters until they 

hit a third timing gate, which recorded their speed time (adapted from Little & Williams, 

2005). The research assistants then recorded each of the two measurements. The 

participants walked back to the beginning of the test and waited until they were told to 

begin again. 

 

Speed and Acceleration 
        *                * 
                         

10 meters          20 meters              
             
            

                   *               *     
 
Figure. 2. Speed and acceleration testing set up. This figure details the set up for the speed and acceleration 
testing. The * denotes the position of cones as well as the laser timing gates.  
  

 

Agility Test: A pressure sensitive pad at the beginning of the test with electronic timing 

gates at the end with 4 single cones placed 5-meters apart at 100 degree angles (Figure 3). 

The participants began at a static start 1-meter behind the pressure pad and at their own 

timing, started the test by running over the pad on the floor. They ran around the outside 

of each cone, until they broke through the second timing gate at the end, which recorded 
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their agility time (adapted from Little & Williams, 2005). This was repeated twice with 

an average of their two times taken as their agility time. 

 

Agility            

 
         *          *  
 
        5 meters 
            
            
            
          
          
 5 meters          
            
            
          
          
        5 meters         
            
          
          
          
 5 meters          
                       
            

                    
 

 
Figure. 3. Agility testing set up. This figure depicts the set up for the zig-zag agility test. The * demarcates 
where cones will be placed as well as laser timing gates. 
 

 

Vertical Jump Test: A Vertec was set up to measure vertical jump height. The 

participants stood with their right shoulder touching the Vertec and lifted their right arm 

up so their palm was touching the Vertec. The research assistant set the bottom peg of the 

Vertec 10 inches above the top of the participant’s middle finger. The participants then 
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Appendix D: Informed Consent 
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Appendix E: Physical Activity Readiness Questionnaire (PAR-Q) 
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Appendix F: Anthropometric Questionnaire 
 
 
 
Number:         
 
 
I. General Information 
 
Age:     
 
Height:    
 
Weight:    
 
 
 
II. Soccer Specific Questions 
 
Years Playing Soccer: 
 
High School (years at each level): Varsity_____  JV_____ Freshman____ Modified ____ 
         
 
College (years) ________________ 
 
 
Position (most played or most favored):     
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Appendix G: Data Collection Sheets 
 

PARTICIPANT)#) Agility)Time)1) Agility)Time)2)
)   

)   

)   

)   

)   

)   

)   

)   

)   

)   

)   

)   

)   

)   

)   
)   

)   

)   

)   
)   

)   

)   

)   

)   

)   
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PARTICIPANT)#) Accel.)Time)1) Speed)Time)1) Accel.)Time)2) Speed)Time)2)
)     

)     

)     

)     

)     

)     

)     

)     

)     

)     

)     

)     

)     

)     

)     
)     

)     

)     

)     
)     

)     

)     

)     

)     

)     

)     

)     
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Appendix H: High Intensity Interval Training Protocol 
 
HIIT Protocol 
 
To be completed every Tuesday, Thursday and Sunday for 5 weeks: 
 

• Begin#with#a#light#warm#up#for#5#minutes#including#plyometrics#(high#knees,#
jumps,#dynamic#stretching,#etc)#

• Set#timer#for#20#seconds#per#interval#with#10#seconds#of#recovery#
• Complete#8#rounds#of#burpee#exercises#
Try#to#complete#as#many#as#possible#within#the#20#seconds#at#maximum#effort#

• Cool#Down#for#3#minutes#at#a#light#intensity#
 
Burpee Exercise:  
 Begin in a standing position. When the interval starts: 

1. Drop#into#a#squat#position#
2. Place#hands#on#ground,#shoulder#width#apart#
3. Jump#feet#back#into#a#straight#arm#plank#position#
4. Perform#one#push#up#
5. Jump#feet#back#to#squat#
6. Perform#a#jump#straight#from#the#squat#position#
7. Repeat#all#steps#until#20#seconds#is#done,#return#to#standing#position#for#rest#

 
 
 
 
I,      , do agree to complete each of the fifteen (15) 
training sessions at maximum effort and I will fill out the PACES Questionnaire honestly. 
 
 
Signature        Date     
 
Assigned #:    
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Appendix I: Repeated Sprint Protocol 
 
Repeated Sprint Protocol 
 
To be completed every Tuesday, Thursday, and Sunday, for 5 weeks 
 

• Begin#with#a#light#warm#up#for#5#minutes#including#plyometrics#(high#knees,#
jumps,#dynamic#stretching,#etc).#

• Line#up#behind#the#40@meter#line#
• When#research#assistant#says#“GO”,#sprint#at#maximum#effort#to#the#other#40@
meter#line#

• Rest#for#30#seconds##
• Repeat#each#40@meter#sprint#13#more#times#
• Cool#Down#for#3#minutes#at#a#light#intensity#

 
 
 

# # # # # # # # # # #

# # # # # # # # # # # #####

I,     , do agree to perform each of these fifteen (15) repeated 
sprint sessions at maximum effort and I will fill out the PACES Questionnaire honestly. 
 
 
 
Signature                       Date       
 
 
Assigned #:    
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Appendix J: Burpee Recording Sheet 
 

 
 
 
 


